Introduction
Human life is full of conflict between the allure of immediate rewards and the patience needed to achieve long-term payoffs. Such intertemporal choice dilemmas have been investigated for decades in the context of addiction, monetary investment, and other domains of impulsivity (Berns, Laibson, & Loewenstein, 2007) . However, the psychological and neural factors that influence intertemporal choice in the context of aggressive behavior remain unexamined.
Intertemporal Choice and Delay Discounting: An Overview
A core component of the literature on intertemporal choice is delay discounting, in which a potential reward gradually loses its value (i.e., is discounted) when associated with a temporal delay (da Matta et al., 2012; Loewenstein, 1988; Reynolds, 2006) . People often perceive the subjective value of a delay-associated reward as lower than its objective value. The delay discounting framework posits that when given a choice between an immediate-yet-lesser (i.e., smaller-sooner) reward and a delayedyet-greater (i.e., larger later) reward, the degree of the delay will shift preferences towards immediate-yet-lesser rewards (Kirby, Petry, & Bickel, 1999) .
Neural Mechanisms of Delay Discounting
The underlying neurobiology of intertemporal choice is complex (see Frost & McNaughton, 2017) . The selection of immediate rewards is associated with activity in the nucleus accumbens, amygdala, posterior cingulate cortex, and anterior insula (McClure, Ericson, Laibson, Loewenstein, & Cohen, 2007; McClure, Laibson, Loewenstein, & Cohen, 2004) . Conversely, selecting delayed rewards is associated with greater activity in the frontoparietal control network, which serves to override immediate DISCOUNT AGGRESS FMRI 5 impulses for more distal goals (McClure et al., 2004 (McClure et al., , 2007 . Activity in the ventromedial prefrontal cortex (VMPFC) is theorized to represent the subjective value of what is to be gained by selecting the delayed option (Frost & McNaughton, 2017) . Further, effective connectivity between the VMPFC and the dorsolateral PFC (DLPFC) during intertemporal choice is associated with a greater number of delayed reward choices (Hare, Hakimi, & Rangel, 2014) . These findings imply that the selection of delayed rewards, over immediate ones, requires two critical neural ingredients: the representation of the delayed reward's greater value (VMPFC), and the self-regulatory structures necessary to implement the preference (DLPFC; Hare, Camerer, & Rangel, 2009 ). Based on the common currency model, such VMPFC-instantiated valuation is similarly computed across different types of rewards (Levy & Glimcher, 2012) . As such, these neural findings that were chiefly based on rewards such as food and money may relate to other sources of reward -perhaps even aggression.
Delay Discounting and Aggression
There is good reason to view aggression as an intertemporal behavior.
Aggression often exists in delayed or impulsive forms (Blair, 2010; cf. Bushman & Anderson, 2001) . For instance, revenge-seekers restrain their retributive impulses, waiting for an opportunity to inflict maximum damage on their victims. Such revengeseekers exhibit a tendency to premeditate their behaviors, suggesting a self-regulated approach to aggression . Several questionnaires that assess dispositional aggressiveness include temporally-situated items, such as "I have longliving fantasies of revenge after a conflict is over" and "the more time that passes, the more satisfaction I get from revenge" (Denson, Pedersen, & Miller, 2006) . Conversely, DISCOUNT AGGRESS FMRI 6 some individuals are unable to restrain such impulses and engage in immediate, reactive aggression towards the perceived source of provocation (Raine et al., 2006) . This distinction between delayed and immediate forms of aggression maps onto the well-established constructs of reactive and proactive aggression (Raine et al., 2006) . Reactive aggression reflects the tendency to immediately and impulsively aggress towards a perceived source of provocation, whereas proactive aggression is an instrumental, 'cold', and predatory form of aggression that often entails a waiting period between the inception of the act and carrying it out (Raine et al., 2006 ).
Several studies have tested the relationship between aggression-related constructs and intertemporal preferences for delayed versus immediate rewards. In a laboratory setting, individuals who exhibited more delay discounting also exhibited more psychopathic traits and behaved more aggressively (Miller & Lynam, 2003) . Angry individuals show a preference for immediate over delayed rewards (Zhao, Kirwen, Johnson, & Vigo, 2017) . Extending this effect into the 'real-world', delay discounting has been associated with greater aggressive behavior in female and male parolees, community members, and police officers (Cherek & Lane, 1999; Cherek, Moeller, Dougherty, & Rhoades, 1997; Koepfler, Brewster, Stoloff, & Saville, 2012; Moore & Foreman-Peck, 2009 ). These associations implicate intertemporal choice as a likely component of aggressive behavior. Yet why would a reward-based phenomenon play a role in whether individuals act aggressively?
Reward and Aggression
Aggression is hedonically-rewarding (Chester, 2017) . Individuals often seek out the pleasure of aggression in order to maintain affective homeostasis (Chester & DISCOUNT AGGRESS FMRI 7 DeWall, 2017) . This motivation appears in human neurobiology. Aggression behavior has been repeatedly associated with heightened activity in the ventral striatum, a core substrate for feelings of positive affect (Chester & DeWall, 2016; Chester, Lynam, Milich, & DeWall, 2018) . A major regulatory component of the reward network, the VMPFC, plays a critical role in regulating and constraining aggressive behavior (Blair, 2010) .
The VMPFC and Intertemporal Aggression
The VMPFC plays a central role in successful human self-regulation (Berkman, Livingston, & Kahn, 2017) . It achieves these regulatory ends via robust connections to subcortical regions that are known correlates of reactive aggression (Blair, 2010 (Blair, , 2016 Chester, Lynam, Milich, & DeWall, 2017) . The VMPFC's ability to inhibit reactive aggression may reflect its ability to tune individuals' valuation away from an immediately-gratifying act and towards a more delayed (and more satisfying) outcome (Frost & McNaughton, 2017) . As such, the VMPFC is a likely region that encodes individuals' preferences for immediate versus delayed aggression.
The Present Study
To assess the nature of intertemporal choice in the context of aggression, we conducted a study that combined functional magnetic resonance imaging (fMRI) with a novel behavioral aggression paradigm. In this paradigm, individuals compete against an opponent to whom they could repeatedly assign an immediate, though lesser, amount of harm, or a delayed, though more severe, amount of harm. Participants completed this task while undergoing fMRI and then reported their dispositional levels of aggression and self-control to better understand how responses on this task map onto broader DISCOUNT AGGRESS FMRI 8 patterns of individual differences. Based on the common currency model and the role of positive affect in aggression, we predicted that delayed aggression would be associated with greater activity in the VMPFC and DLPFC. Further, we expected that these neural mechanisms of delayed aggression would map onto greater levels of self-control and less overall aggressiveness. Exploratory analyses sought to examine the functional connectivity profiles of these cortical regions during immediate and delayed aggression.
Finally, we tested whether profiles of PFC activity during intertemporal aggression decisions served as mechanisms to explain the preference for delayed or immediate aggression among dispositionally-aggressive individuals. To do this, we tested whether PFC activity exhibited an indirect effect between trait physical aggression and decisions on the intertemporal aggression task.
Methods

Ethics
All research procedures were approved prior to conducting the study by the appropriate institutional research ethics board, in accordance with United States research ethics guidelines. All participants provided informed consent prior to completing any research procedures, and were fully debriefed as to all deception and true purposes of the study at the end of their participation.
Participants
Participants were 61 healthy, right-handed, young adults (37 females, 24 males; age: M = 18.98, SD = 1.07, range: 18-22). This sample size was determined based on those employed in previous fMRI investigations of the neural correlates of aggressive behavior (e.g., Chester & DeWall, 2016) . Participants were undergraduates recruited DISCOUNT AGGRESS FMRI 9 through the introductory psychology subject pool in exchange for credit towards their course's research requirement and a structural image of their brain. Exclusionary criteria was assessed by an online questionnaire, which included: body mass index above 30, claustrophobia, color blindness, mental or neural pathology, metallic objects in the body, prior head trauma, and psychoactive medication use.
Materials
Brief Aggression Questionnaire. To measure trait physical aggression, we employed the Brief Aggression Questionnaire (BAQ; Webster et al., 2014) . The BAQ contained twelve items that comprise four, three-item subscales: anger, hostility, physical aggression, and verbal aggression. Participants responded to each item along a 1 (disagree) to 7 (agree) Likert-type scale.
Brief Self-Control Scale. The BSCS is a 13-item self-report questionnaire developed by Tangney, Baumeister, and Boone (2004) to assess individual differences in trait self-control. Items were rated on a 1 (not at all like me) to 5 (very much like me) response scale.
Procedure
Pre-scan. Participants arrived at the neuroimaging laboratory where they were told that they would complete a competitive reaction-time task against a same-sex opponent. After practicing the reaction-time task, participants were then placed in an MRI scanner and had a high-resolution structural scan taken of their brain followed by an unrelated functional scan. Then, participants completed our aggression task while undergoing fMRI.
InterTemporal Aggression Paradigm (ITAP).
To assess intertemporal decision-making in the context of aggressive behavior, we adapted the well-established Taylor Aggression Paradigm, which has been effectively implemented in the fMRI environment (Chester & DeWall, 2016; Krämer, Jansma, Tempelmann, & Münte, 2007; Taylor, 1967) . As in previous iterations of the task, participants repeatedly competed against a same-sex stranger to see who could press a button faster when a prompt appeared. In reality, there was no other person and participants completed the task against a pre-set computer program. As an ostensible motivational component of the task, participants were punished if they lost a given round of competition by receiving an aversive noise blast through a pair of headphones. Conversely, if participants won the round of competition their opponent heard the noise blast and they did not.
In the InterTemporal Aggression Paradigm (ITAP), participants could choose between administering a softer noise blast (75db) that would be administered in the next few seconds (assuming the participant won that competition), or a much louder noise blast (105db) that would be administered to the opponent at the end of the study, approximately one hour after the current task was completed (again, assuming the participant won that competition). These larger blasts would be ostensibly administered to the participant's opponent, sequentially, until the number of assigned blasts was reached. To experimentally manipulate provocation within-subjects, participants were assigned both 75db (low provocation) and 105db (high provocation) blasts from their opponent. To ensure that louder blasts would be perceived as more provocative by participants, participants were informed that the noise blasts assigned by their DISCOUNT AGGRESS FMRI 11 opponents would be administered as soon as they lost a given competition, not at a later time in the study.
The task consisted of 26 trials, with each trial containing 6 events ( Figure 1 ).
Each trial began with a fixation cross that modeled baseline neural activity (7.5s). Then, participants completed an aggression choice phase in which they selected one of the two aggression options (5s). A blank screen then appeared followed by a red square that indicated to participants that they should press a button as fast as possible to compete against their opponent (5s). Participants then saw what volume level their opponent set for them (5s). Finally, participants saw whether they won or lost the competition and experienced the corresponding noise blast if they lost (2.5s). Table 1 ). There were 14 Retaliatory trials and 12 Non-Retaliatory trials and there were a greater number of wins (19) than losses (7). The order of provocations and non-provocations, as well as wins and losses, were initially randomized and then held constant across participants.
Post-scan. After the aggression task, participants were placed in a nearby testing room and completed a computerized battery of questionnaires including a demographics survey, the Brief Aggression Questionnaire, and the Brief Self-Control Scale. Participants were interviewed as to the success of the fake partner deception, yet participants responses to this interview were not recorded in a systematic way that would allow for an objective determination of deception success.
MRI Data Acquisition and Preprocessing
All MRI data were obtained using a 3.0 Tesla Siemens Magnetom Trio scanner and a 32-channel headcoil. Echo planar BOLD images were acquired with a T2*-weighted gradient across the entire brain with a 3D shim (field of view = 224 x 224mm 2 , echo time = 29ms, repetition time = 2.5s, slice thickness = 3.5mm, 40 interleaved slices, flip angle = 80°). To allow for registration to native space, a coplanar, magnetizationprepared rapid gradient-echo (MPRAGE) sequence was also acquired from each participant (field of view = 256mm, slice thickness = 1mm, echo time = 2.26ms, repetition time = 2.53s, flip angle = 7°).
The Oxford Center for Functional MRI of the Brain (FMRIB)'s Software Library (FSL version 5.0) was used to conduct all preprocessing and fMRI analyses (Smith et al., 2004; Woolrich et al., 2009) . Reconstructed functional volumes underwent head motion correction to the median functional volume using FSL's MCFLIRT tool. FSL's Brain Extraction Tool was used to remove non-brain tissue from all functional and structural volumes using a fractional intensity threshold of 0.5. After a series of data DISCOUNT AGGRESS FMRI 13 quality checks, functional volumes underwent interleaved slice-timing correction, prewhitening, spatial smoothing (using a 5mm full-width-half-maximum Gaussian kernel), and temporal high-pass filtering (100s cutoff). These processed brain volumes were then fed into subsequent data analyses.
MRI Data Analysis
Preprocessed fMRI datasets were analyzed using two-level general linear modeling.
First level (within-participants). Each participant's whole-brain functional
volumes were entered into a fixed-effects analysis that modeled events using a canonical double-gamma hemodynamic response function with a temporal derivative.
Regressors-of-interest for the aggression task included Retaliatory Aggression and
Non-Retaliatory Aggression, while leaving fixation events un-modeled. All five seconds of each aggression trial were modeled in this analysis. All other events were included as nuisance regressors. Six head motion parameters from each participant were modeled as nuisance regressors. Linear contrasts compared retaliatory and non-retaliatory aggression to each other (Retaliatory Aggression > Non-Retaliatory Aggression). An additional analysis was conducted that included two regressors for each time participants selected the delayed option and the immediate option, contrasts compared quieter-now to louder-later decisions (Delayed Aggression > Immediate Aggression).
Resulting contrast images from these analyses were first linearly registered to native space structural volumes and then spatially normalized to a Montreal Neurological Institute (MNI) stereotaxic space template image (resampled into 2 x 2 x 2mm 3 voxels).
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Second level (across-participants). Each participant's contrast volumes from the first level were then fed into FLAME 1's group level, mixed effects GLM that created whole-brain group average maps for each contrast. Cluster-based, family-wise error correction based on Gaussian random field theory was then applied across the entire brain to each of the group activation maps (corrected threshold: Z > 2.3, p < . 05; Heller, Stanley, Yekutieli, Rubin, & Benjamini, 2006; Worsley, 2001) . and their interaction to participants' implicit baseline. These individual contrast maps were aggregated into a second level, between-subjects analysis, and then family-wise error correction based on Gaussian random field theory was applied across the entire brain (corrected threshold: Z > 2.3, p < .05).
Results
Behavioral and Self-Report Data: Descriptive Statistics and Zero-Order Correlations
To quantify intertemporal aggression, participants' selections were coded as 1 (75db now) or 2 (105db later), and then averaged across all 26 trials to create an intertemporal aggression index, whereby higher values indicated more delayed-yetsevere aggression. This index was also separately computed for retaliatory and nonretaliatory trials. On retaliatory events, participants more frequently selected the delayed option than on non-retaliatory events, t(60) = 3.63, p = .001, d = 0.47.
Participants exhibited substantial variability in their intertemporal aggression strategies, as well as in their self-reported trait physical aggression and self-control (Table 1) . Participants who more frequently chose the later-louder aggression option were higher in self-control, but not in trait physical aggression (Table 1) . Age and gender were unassociated with intertemporal aggression decisions (Table 1 ). Adequate internal consistency was observed for scores on the overall ITAP, α = .89, retaliatory ITAP, α = .83, non-retaliatory ITAP, α = .80, Brief Aggression Questionnaire -Physical Aggression subscale, α = .69, and Brief Self-Control Scale, α = .89. 7. Gender n/a n/a n/a .12 .09 .14 -.05 .27* -.08
Whole-Brain Univariate Analyses
Across the entire brain, retaliatory aggression events (as compared to nonretaliatory aggression events), were associated with large bilateral clusters that each included the anterior to posterior insula, the temporoparietal junction, the superior temporal sulcus, and the dorsal striatum (caudate, globus pallidus, putamen;
Supplemental Figure 1 ; Supplemental Table 2 ).
Neural Correlates of Behavior: VMPFC Correlates of Intertemporal Aggression
To correlate decision behavior on the InterTemporal Aggression Paradigm with neural activity during such decisions, we selected a sub-sample of participants who had made enough of each decision type (i.e., delayed, immediate) to yield reliable BOLD 
Functional Connectivity Analyses
Delayed aggression. Using the same subset of 35 participants, we observed that delayed aggression was associated with reduced functional connectivity (VMPFC x Delayed Aggression > Baseline) between the previously-observed VMPFC cluster and a range of regions that largely centered on the dorsal striatum, insula, and supplemental motor area ( Figure 2B , Supplemental Table 3 
VMPFC Correlations with Personality Traits
Activity in the VMPFC cluster that was significantly associated with delayed aggression was associated with less trait physical aggression, r(33) = -.36, p = .031, yet was unassociated with self-control, r(33) = .30, p = .082.
Indirect Effect Modeling
To test for the presence of an indirect effect, whereby the association between trait physical aggression and delayed aggression was explained, in part, by VMPFC activation during intertemporal decision-making, we conducted an indirect effect analysis using the PROCESS macro v. 
Discussion
Conventionally, aggression has been studied in a static temporal framework in which decisions about whether to be aggressive or not are dealt with purely in the 'here and now'. Recent work demonstrating the core feature of reward in aggressive behavior implies that aggression is a rewarding behavior that would greatly benefit from an intertemporal framework (Chester, 2017) . To study this potential intertemporal nature of aggression, we modified a well-validated aggression paradigm to allow participants to decide between inflicting a smaller amount of aggression immediately or a considerably larger amount of aggression after a delay. We combined this novel paradigm with functional neuroimaging and personality trait assessment to attempt to understand the neural mechanisms and trait predictors of delayed versus immediate aggression.
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Data from our behavioral task revealed that 26 of our 61 participants selected the immediate-yet-lesser aggression option across 92-100% of the trials of the task. This tendency may reflect a desire to inflict a lesser amount of harm upon participants'
opponents, but it may also reflect the well-established tendency for people to select an immediate reward, rather than enduring a delay for a longer-term goal (Mischel, 2014) .
Participants who tended to select immediate over delayed aggression did report less self-control than those who chose delayed rewards. Given that self-control is a wellestablished inhibitor of aggression (Denson, DeWall, & Finkel, 2012) , it is more likely that participants' bias towards the immediate option reflects a motivation to receive an immediate reward and not to reduce the harm that one has inflicted.
Provocation increased the amount of delayed-yet-more-severe aggression doled out in retaliation. This finding supports the idea that provoked individuals are willing to incur a delay, so long as it translates to a greater eventual punishment. However, it remains uncertain whether the preferences for immediate versus delayed preferences on the ITAP are durable across time and contexts. If aggression preferences on the ITAP are found to be robust, this would suggest that the task is tapping into the wellknown human tendencies towards reactive and proactive aggression (Raine et al., 2006) . Future work should test whether preferences towards delayed aggression correspond to proactive aggression levels and if immediate aggression preferences correspond to reactive aggression levels.
Participants' bias towards delayed aggression was associated with greater activity in the VMPFC, a region reliably associated with the selection of other delayed rewards and self-regulation more generally (Frost & McNaughton, 2017; Hare et al., DISCOUNT AGGRESS FMRI 23 2014) . The VMPFC serves as an integrative hub that represents the ultimate value of an option after accounting for the various sources of potential value (Hare et al., 2014) .
This neural finding lends further evidence for the similarities between intertemporal choice in aggression and that in other reward-based domains. Functional connectivity analyses shed further light on these neural findings, revealing that delayed aggression was associated with reduced functional connectivity between the VMPFC and brain regions known to positively correlate with impulsive and reactive choices, among other behavioral outcomes (Dambacher et al., 2014; McClure et al., 2004 McClure et al., , 2007 . Conversely, immediate aggression was associated with less functional connectivity between the VMPFC and neural networks that subserve controlled self-regulation (Kelley, Wagner, & Heatherton, 2015; Noël, Brevers, & Bechara, 2013) . These connectivity findings imply that immediate rewards are the result of not only reduced VMPFC activation but also less cross-talk between this brain region and broader cortical networks that serve to inhibit immediate impulses and allow for long-term goal pursuit.
Dispositionally-aggressive participants did not exhibit an explicit preference for delayed or immediate aggression. However, this trait was correlated with reduced VMPFC activity during such decisions, which explained substantial variance in the association between dispositional aggression and intertemporal preferences. This indirect effect implied that dispositionally-aggressive individuals' tendencies toward reactive aggression exist because these individuals fail to adequately recruit the prefrontal regulatory mechanisms necessary to inhibit their reactive aggression. Further evidence for this proposal came from the suppression effect we observed, in which VMPFC function served to blunt the preference for delayed aggression among DISCOUNT AGGRESS FMRI 24 dispositionally-aggressive individuals. Echoing other neural investigations, VMPFC dysfunction appears to promote reactive aggression and undermine tendencies towards delayed responses (Blair, 2016; . Work that seeks to reduce reactive aggression should target interventions towards bolstering the regulatory functions of this region.
Limitations and Future Directions
There were many aspects of this present research that temper our conclusions and suggest avenues for future work. First, while some delay discounting paradigms employ fixed reward magnitude and/or temporal delay, others employ an adaptive task that calibrates the reward magnitude and/or temporal delay to participants' ideographic discounting curves (e.g., Steinberg et al., 2009) . Because of the limited number of trials, we were unable to vary the magnitude of the two aggression options or the delay. to create an experimental situation in which the participant is extremely motivated to aggress against their opponent, thus increasing the aggression exhibited on the task.
Sixth, a large portion of our sample were unable to be included in analyses that contrasted delated versus immediate aggression because they selected only immediate options. The cutoff we used to determine who was included in this analysis was largely arbitrary, though it was motivated by two concerns: the desire to exclude participants with too few BOLD measurements of one type of aggression to yield reliable neural correlates, and the desire to retain as much of the original sample as possible in order to increase statistical power. Our threshold of three instances of each aggression-type was considered a reasonable compromise between these two concerns. Going forward, modifications to the task that promote a greater variability in response profiles will be needed.
Seventh, our small sample size increased the likelihood that we made observed both false positive and false negative results. As such, this study may have made conclusions based on spuriously-significant results and failed to observe effects that are, in fact, true. Future work with larger samples and a greater number of measurements is needed to establish the veridicality and replicability of our results.
Finally, we were unable to establish the temporal sequence of variables in our indirect effect model because we employed a cross-sectional design (Preacher, 2015) . As such, the presence of our proposed indirect effect cannot be conclusively established until future work examines these relationships in a longitudinal sequence that allows for the articulation of the timeline of these effects.
Conclusions
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Why do some people lash out at whatever provokes them and others are able to bide their time and exact revenge when it is most harmful? Aggression is rarely studied in this intertemporal context and we sought to fill this gap in the literature. Participants who preferred delayed yet more severe forms of aggression, over immediate but less severe forms, exhibited psychological and neural indicators of greater self-control. As such, delayed aggression is a curious specimen, in which greater harm infliction is a product of successful self-control, not a failure thereof. 
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